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and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
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education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards on 20 November 1989, after 
the draft finalized by the Special Metals and Alloys Sectional Committee had been approved by 
the Metallurgical Engineering Division Council. 

Procedures for cleaning and descaling will be useful to producers, users and fabricators of titanium 
and titanium alloys for the removal of shop soils, oxides, scales and other foreign matter as surface 
contaminants. 

It is not intended that these procedures be mandatory for removal of any of the indicated soils but 
rather serve as a guide when titanium and titanium alloys are being processed in the wrought, cast, 
or fabricated form. 

This standard may involve hazardous materials, operation and equipment. This standard does not 
signify to address all of the safety problems associated with its use. It is the responsibility of 
whoever uses this standard to consult and establish appropriate safety and health practices and 
determine the applicability of regulatory limitations prior to use. 

While preparing this standard, necessary assistance has been derived from ASTM B 600-1974 
'Standard recommended practice for descaling and cleaning titanium and titanium alloy surfaces', 
issued by the American Society for Testing and Materials, USA. 
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Indian Standard 



RECOMMENDED PRACTICE FOR 

DESCALING AND CLEANING TITANIUM 

AND TITANIUM ALLOY SURFACES 



1 SCOPE 

1.1 This recommended practice covers cleaning 
and descaling procedure useful to producers, 
users, and the fabricators of titanium and 
titanium alloys for the removal of ordinary shop 
soils, oxide,; and scales resulting from heat treat- 
ment operations and foreign substances present 
as surface contaminants. 

2 PROCESSING SOIL REMOVAL 

2.1 It is recommended that grease, oil, and 
lubricants employed in machining, forming, and 
fabricating operations on titanium and titanium 
alloys be removed by alkaline or emulsion soak- 
type cleaners and electrolytic alkaline cleaning 
systems. In the electrolytic system, the work 
may be either anodic or cathodic polarity. 
Removal of these soils is recommended prior to 
heat treatment or application of acid treatment 
designated in 4.2. When electrolytic systems are 
employed, the voltage should be controlled to 
prevent the occurrence of spark discharge and 
subsequent pitting. 

2.2 It is the intent that the soils be removed 
prior to chemical milling, joining, plating, 
fabrication and in any situation where foreign 
substances interfere with corrosion resistance, 
stability and quality of the finished product. 

2.3 Acid etching may be required following 
cleaning when the surface has an oxygen — con- 
taminated layer or alpha case present. 

3 BLAST CLEANING 

3.1 Mechnical descaling methods such as sand 
blasting, shot blasting, and vapour blasting may 
be used to remove hot work scales and lubricants 
from titanium surfaces if followed by thorough 
conditioning and cleaning as described in 4. 

3.2 The sand used for blasting should be high- 
grade, washed, iron-free silica sand. If carbon 
or low-alloy steel products are sand blasted in 
the same facility, the sand used for cleaning 
these products should not be used on titanium 
surfaces and a separate sand supply should be 
provided. 

3.3 Roughening of exposed surface areas may 
occur from grit or shot if cleaning of the entire 
surface is accomplished by blasting. Partial clean- 



ing for preserving the surface finish is to be pre- 
ferred in conjunction with proper pickling 

procedures. 

3.4 Blast cleaning that utilize steel grit or sand 
containing appreciable amounts of iron should 
be followed by acid pickling to remove any 
embedded steel particles on the surface of the 
titanium. 

3.5 Any abrasive or shot blast cleaning may 
induce residual compressive stresses in the surface 
of the material or titanium structure. Warpage 
may occur in sections that the subsequently 
chemical milled or contour machined. 

3.6 In most cases, blast cleaning is not intended 
to eliminate pickling procedures completely. 
Abrasives will not remove surface layers con- 
taminated with interstitial elements, such as, 
carbon, oxygen, hydrogen, and 'nitrogen. When 
these elements are present in excessive amounts, 
they are preferably removed by controlled acid 
pickling in accordance with 4.3. 

4 PICKLING AND DESCALING 

4.1 Recommended post treatment of shot or 
abrasive blasted titanium surfaces may include 
acid pickling as described in 4.3.2, to ensure 
complete removal of metallic iron, oxide, scale, 
and other surface contaminants. If the product 
is to be chemically milled for the removal of 
oxygen-contaminated layer, salt bath condition- 
ing may be required to avoid selectively etched 
surfaces if configuration interferes with uniform 
blasting. 

4.2 Scale and lubricant residues developed on 
mill, foundry, forged, or fabricated titanium 
products usually require conditioning by one of 
the following commercial methods prior to final 
pickling as described in 4.3.2 to produce a 
completely scale-free surface. 

4.2.1 Proprietary solutions of caustic-based 
compounds in tap water in accordance with the 
manufacturer's recommendation. 

4.2.2 Molten alkaline-based salt baths operating 
at 400 to 455°C in accordance with the prescrib- 
ed procedures. 
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4.2.3 Molten alkaline-based salt baths operating 
at 205°C in accordance with the prescribed 
procedures. 

4.2.4 Oxides and heat tints developed below 
595°G can frequently be removed by pickling in 
an acid solution composed of 10 to 20 volume 
percent ( 150 to 300 g/1 ) of nitric acid ( 70 per- 
cent ) and 1 to 2 volume percent ( 12 to 24 g/1 ) 
of hydrofluoric acid ( 60 percent at 50*C ). 

4.2.5 Forged and hot-worked titanium alloys that 
have the normal heat-developed scale mixed 
with graphitic or glass-type lubricants may be 
conditioned in a molten alkaline-based salt bath 
operating at 455° C to effect complete solubility 
of the complex scale. Following conditioning, 
the part should be pickled as described in 4.3.2. 

4.2.6 It is recommended that heat-treatable 
alpha beta and beta alloys in the solution-treated 
condition that have been processed at tempera- 
tures above 595°C, with graphitic and molyb- 
denum disulphide lubricant residues mixed with 
the heat-developed scale be conditioned in a 
molten alkaline-based salt bath operating at 
205°C. After conditioning, the part may be 
pickled in accordance with the treatment descri- 
bed in 4.3.2. 

4.2.7 Abrasive methods, such as, wheel or belt 
grinding, segmented flapper wheels and grit or 
shot blastingrwhen available, may be used when 
surface configuration is such that the sealed areas 
are readily accessible. 

4.3 Following mechanical abrading or chemical 
conditioning, the material may be further treat- 
ed to completely clean the surface in one of the 
following solutions. 

4.3.1 After salt bath conditioning and water 
rinse, the titanium or titanium alloy may be 
immersed in a sulphuric acid solution to remove 
the converted scale product. It is recommended 
that the acid solution be maintained at 65°C and 
a concentration of 10 to 40 volume percent of 
sulphuric acid ( 95 percent solution by weight ). 
Final brightening may be accomplished by a 
short immersion in the acid solution of 4.3.2. 

4.3.2 Material that has been mechanically 
abraded in accordance with 3,1 or chemically 
conditioned in accordance with 4.2.1, 4.2.2, 

or 4.2.3 may be finish cleaned by immersion in 
an acid solution composed of 10 to 30 volume 
percent ( 150 to 450 g/1 ) of nitric acid ( 70 per- 
cent ) and 1 to 3 volume percent ( 12 to 36 g/ 
1 ) hydrofluoric acid ( 60 percent at 50°C ), main- 
taining a ratio of 10 parts nitric acid to 1 part 
hydrofluoric acid. 

4.3.3 After cleaning, titanium and titanium 
alloy surfaces should be thoroughly washed with 
water to remove any traces of pickling/cleaning 
solution. 



NOTES 

1 Conditioning of titanium in high-temperature 
oxidizing salt can generate galvanic currents where the 
work is contacting ferrous base materials. Titanium is 
electrically positive or anodic with respect to these 
ferrous materials, having an open circuit potential of 
approximately 0'fiO V. The resulting discharge from 
the rack to the work piece can result in surf, .ice over- 
heating and eventual ignition. This eli'ect can be 
minimized by maintaining bath temperature at or below 
4 r >5°C and by providing titanium or aluminium insula- 
tion between the work and the fixture. 

2 Heavily, scaled forgings or hot-rolled materials can 
be mechanically abraded to remove excess surface con- 
tamination prior to salt bath conditioning. 

3 Silicon-based protective coatings used to minimize 
scale formation during hot forming or annealing of 
titanium alloys are soluble in the molten sail bath. All 
of the coating should In: removed prior to any acid 
ireatmeni. 

4 Hot-formed or heat treated titanium fabrications or 
assemblies that have a mixed surface contamination 
consisting of graphite or molybdenum disulphide wiili 
titanium oxides should be conditioned in a molten salt 
bath. A temperature of 204 g C is preferred for these 
structure to avoid any thermally induced distortion. 

5 In salt bath or alkaline water solution conditioning, 
the titanium oxides present on the surface of the metal 
are chemically reacted to form sodium titanate. This 
material is soluble in sulphuric and nitric-hydrofluoric 
acid pickles. Sulphuric acid solutions are not appreci- 
ably corrosive to titanium or titanium alloys and can be 
further inhibited by the addition of 0*25 to 1*0 percent 
of cupric sulphate or ferrous sulphate. 

6 Most of the acid pickling followed molten salt bath 
conditioning is accomplished in the sulphuric or nitric- 
hydrolluoric acid solution. The material is cyclrd 
through the salt bath, water rinse, and sulphuric acid 
until all of the scales have been completely removed. 
Final brightening is obtained by a brief cycle in the 
nitric-lndrolluoric solution ( 4.3.2 ). 

7 In the nitric-hydrofluoric pickling solution, the ratio 
of nitric acid to hydrofluoric acid is more important 
than the concentration of either of these two acids. 
When this ratio is maintained al 10 to 1, hydrogen 
absorption during pickling is minimized. 

8 Tn the processing of titanium mill products and 
fabrications, an oxygen-rich layer is unavoidable where 
there is a combined exposure to high temperatures and 
an oxidizing atmosphere. In the removal of ihis oxygen 
rich layer or alpha case by pickling in strong solutions 
of nitric and hydrofluoric acids, it is extremely import- 
ant that all residua] oxides and scales have been 
removed to prevent preferential etching of the finished 
product. 

5 INSPECTION 

5.1 Visual inspection of material cleaned in 
accordance with this recommended practice 
should show no evidence of paint, oil, grease, 
glass, graphite lubricant, scale, abrasive, iron, or 
other forms of contamination. 

5.2 Hydrogen absorption during the cleaning 
process should be minimized and well within 
tolerable limits if the procedures outlided are 
followed. Periodic monitOiing of the (leaning 
system can be accomplished by processing- 
samples of known hydrogen content through 
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the complete system followed by rhemical 5.3 Additional evaluation of product cleanliness 

analyses. A hydrogen increase greater than 20 may be obtained by chemical milling of an ex- 

ppm over the original product analyses may be pandable test piece. It is recommended that 

the cause for replacing acids or adjusting the approximately 0*025 to 0*05 mm shall be removed 

composition to reduce the extent of hydrogen from each surface. After chemical milling, the 

pickup. The hydrogen content in the finished surface should be uniformly smooth and bright 

product shall be measured and shall be below with the absence of peaks indicative of residual 

the specified maximum. scale or contamination. 



Standard Mark 

The use of the Standard Mark is governed by the provisions of the Bureau oj Indian 
Standards Act, 1986 and the Rules and Regulations made thereunder. The Standard Mark on 
products covered by an Indian Standard conveys the assurance that they have been produced 
to comply with the requirements of that standard under a well defined system of inspection, 
testing and quality control which is devised and supervised by BIS and operated by the pro- 
ducer. Standard marked products are also continuously checked by BIS for conformity to thai 
standard as a further safeguard. Details of conditions under which a licence for the use 
of the Standard Mark may be granted to manufacturers or producers may be obtained from 
the Bureau of Indian Standards. 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of 
goods and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in 
any form without the prior permission in writing of BIS. This does not preclude the free use, in 
the course of implementing the standard, of necessary details, such as symbols and sizes, type or 
grade designations. Enquiries relating to copyright be addressed to the Director ( Publications), BIS 

Revision of Indian Standards 

Indian Standards are reviewed periodically and revised, when necessary and amendments, if any, 
are issued from time to time. Users of Indian Standards should ascertain that they are in 
possession of the latest amendments or edition Comments on this Indian Standard may be sent 
to BIS giving the following reference : 

Doc : No. MTD 27 ( 3445 ) 

Amendments Issued Since Publication 

Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarteis: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 1 10002 

Telephones : 331 01 31, 331 13 75 Telegrams : Manaksanstha 

( Common to all Offices ) 

Regional Offices: Telephone 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg (331 01 31 

NEW DELHI 110002 J331 13 75 

Eastern : 1/14 C. I. T. Scheme VII M, V. I. P. Road, Maniktola 37 86 62 

CALCUTTA 700054 

Northern : SCO 445-446, Sector 35-C, CHANDIGARH 160036 2 18 43 

Southern : C. I. T. Campus, IV Cross Road, MADRAS 600113 41 29 16 

Western : Manakalaya, E9 MIDC, Marol, Andheri ( East ) 6 32 92 95 

BOMBAY 400093 

Branches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR 
COIMBATORE. FARIDABAD. GHAZIABAD. GUVVAHATI 
HYDERABAD. JAIPUR. KANPUR. PATNA. TRIVANDRUM 



Printed at Printograph, Delhi, India 



